Mitosis in animals starts with the disassembly of the nuclear pore complexes and the breakdown of the nuclear envelope. In contrast to many fungi, the corn smut fungus Ustilago maydis also removes the nuclear envelope. Here we report on the dynamic behavior of the nucleoporins Nup214, Pom152, Nup133 and Nup107 in this "open" fungal mitosis. In prophase, the nuclear pore complexes disassembled and Nup214 and Pom152 dispersed in the cytoplasm and in the endoplasmic reticulum, respectively. Nup107 and Nup133 initially spread throughout the cytoplasm, but in metaphase and early anaphase appeared on the chromosomes. In anaphase, the Nup107-subcomplex redistributed to the edge of the chromosome masses, where the new envelope was reconstituted. Subsequently, Nup214 and Pom152 are recruited to the nuclear pores and protein import starts. Recruitment of nucleoporins and protein import reached a steady state in G2-phase. Formation of the nuclear envelope and assembly of nuclear pores occurred in the absence of microtubules or F-actin, but not if both were disrupted. Thus, the basic principles of nuclear pore complex dynamics appear to be conserved in organisms displaying "open" mitosis.
Introduction
In interphase, the nuclear envelope surrounds the chromosomes and separates the nucleoplasm from the cytoplasm. Communication between the chromosomes and the cytoplasm is mediated by nuclear pore complexes (NPCs), large protein assemblies which provide gates for controlled exchange of mRNA and proteins (Rout et al., 2000) . Although the number of proteins in assembled NPCs from yeast and animal cells might be different, the basal architecture and function of nuclear pores is evolutionarily conserved (Mans et al., 2004; Devos et al., 2006) . However, the importance of several nucleoporins in yeast and animals differ in a few respects. For example, components of the Nup107-160 complex, e.g. nucleoporins Nup107 and Nup133, play important roles in NPC formation after mitosis and are essential proteins in animal cells (Harel et al., 2003; Walther et al., 2003) . In contrast, the Nup107 homologue Nup84p is not essential in the yeast Saccharomyces cerevisiae (Pemberton et al., 1995; Siniossoglou et al., 1996) and in the filamentous fungus Aspergillus nidulans (Osmani et al., 2006) .
In animal cells, the nuclear envelope breaks down at the onset of mitosis (Margalit et al., 2005) . The removal of the envelope is accompanied by the disassembly of the nucleoporins, which either disperse in the endoplasmic reticulum (ER; (Ellenberg et al., 1997; Yang et al., 1997) or are released into the cytoplasm (Rabut et al., 2004) . A subcomplex of nucleoporins that includes Nup107 and Nup133 is recruited to the chromosomes and the kinetochores in metaphase (Belgareh et al., 2001; Loiodice et al., 2004) . The role of these nucleoporins at the kinetochores is not fully understood, but it appears to be involved in spindle assembly (Orjalo et al., 2006; Zuccolo et al., 2007) . Later in mitosis, the Nup107-160 complex leaves the chromosomes and is thought to participate in NPC reassembly (Walther et al., 2003; Margalit et al., 2005) .
In contrast to animals, in the fungi S. cerevisiae and Schizosaccharomyces pombe the mitotic spindle assembles inside the intact nuclear envelope (De Souza et al., 2004; Sazer, 2005) . During this "closed" mitosis, the NPCs remain largely assembled and mediate import of factors needed for mitotic progression (Makhnevych et al., 2003) . In the filamentous fungus A. nidulans the nuclear envelope also persists, but the NPCs partially disassemble (De Souza et al., 2004) . However, the scaffold component Nup107 remains part of the incomplete NPC (Osmani et al., 2006) .
Our laboratory recently reported that a dynein-based mechanism removes the mitotic nuclear envelope in the basidiomycete fungus Ustilago maydis (Straube et al., 2005) . The nuclear envelope ruptures at the tip and remains in the mother cell, while the chromosomes leave the old envelope and migrate into the daughter cell, where the spindle forms. Thus, similar to animal cells, this fungus undergoes an "open" mitosis.
Here we investigated the dynamics of several NPC components during this process.
We found that NPCs disassemble at the beginning of mitosis and that components cycle between the nuclear envelope and the chromosomes. Our data show that the basic principles of nucleoporin dynamics are conserved between U. maydis and animal cells and provide insights into the evolution of "open" and "closed" forms of mitosis.
Materials and methods

Sequence analysis
U. maydis nucleoporin homologues were identified in the PubMed (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi) and MIPS (http://mips.gsf.de/genre/proj/ustilago/) public databases using BLAST with the respective homologues from S. cerevisiae and H. sapiens (NCBI database). U. maydis protein sequences were compared to the protein sequences from S. cerevisiae and H. sapiens using Lalign (http://www.ch.embnet.org/software/LALIGN_form.html).
Protein domains were analyzed by SMART (http://smart.embl-heidelberg.de/).
Strains and plasmids
Constructs used to visualize the ER, nuclear import, α-tubulin, and histone 4 were described elsewhere (Steinberg et al., 2001; Wedlich-Soldner et al., 2002; Straube et al., 2003; Straube et al., 2005) . Analogously, a plasmid carrying monomeric RFP was fused N-terminally to calreticulin and C-terminally to the HDEL signal to visualize the ER. Nucleoporin fusion proteins were constructed by attaching GFP, yellow fluorescent protein (YFP), or monomeric RFP, to the C-terminus of the respective protein to GFP by homologous recombination. Correct integration was confirmed by Southern blot analysis. The inducible crg-promoter was introduced immediately upstream of nup107 in place of the presumed wild-type promoter. Correct integration was confirmed by Southern blot analysis according to standard protocols.
Western Blot analysis
Protein extracts were obtained from Ustilago cells grown to OD 600 <0.6 in their respective medium as described in (Straube et al., 2001) . Proteins were separated in 8% polyacrylamide gels and transferred to nitrocellulose membranes for 1 h at 400 mA in a wet blot chamber. Anti-GFP antibody (Roche, Mannheim, Germany) and HRP-coupled anti-mouse antibody (Promega, Madison, WI, USA) were used to address Nup107-GFP levels. Antibody detection followed standard procedures.
Growth conditions
Strains were grown overnight at 28°C in CM liquid medium (Holliday, 1974) supplemented with 1% glucose (CM-G). Solid medium contained 2% (w/v) bactoagar. Strains with nup107 under the control of the crg-promoter were propagated on CM agar plates containing 1% arabinose. These strains were incubated at 28°C for at least 16 h in CM-G. Control cultures were grown in CM containing 1% arabinose (CM-A).
Spore analysis
To test whether nup107 is an essential gene, a diploid strain was created in which one copy of the gene was replaced with the nourseothricin-resistance cassette. Maize plants were infected with an overnight culture supplemented with 0.5% Tween 20 before injection following a standard protocol (Fuchs, 2006) . Plants were grown for 25 days at 28°C before harvesting tumours. Spores from these tumours were isolated as described in Fuchs et al., 2006 . Spores were germinated on CM-G agar plates at 22°C. Fifty-seven spores were selected from these plates and placed on CM-G agar plates containing 150 µg ml -1 nourseothricin. Thirty-six colonies that grew in the presence of the antibiotic were subjected to ORF-specific PCR and Southern blot analysis. All colonies showed at least either PCR product or a wild-type band in the Southern blot analysis.
Staining procedure
For 4,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich) staining of nuclei, cells expressing nucleoporin-GFP fusion proteins and ER markers were fixed by incubation with 0.5% formaldehyde (Polysciences) for 10 min (Nup107-GFP and Pom152-GFP) or 2 min, respectively (Nup214-GFP). Cells were mounted on poly-l-lysine cover slips, incubated for 3 min, and washed in PBS. Samples were then stained with DAPI (0.5 µg ml -1 ) for 15 min at 37°C, and washed several times in PBS before analysis.
Microscopy, image processing, and quantitative analysis
Cells were placed on a thin layer of 2% agarose, covered with a coverslip and immediately observed using a Zeiss Axioplan II microscope (Carl Zeiss, Oberkochen,
Germany To obtain Z-stacks, cells were fixed with 0.5% formaldehyde (Polysciences) and imaged every 0.5 µm. Z-streams of nuclei were processed by 100 iterations of 3-D deconvolution; maximum projections and 3-D reconstructions of the resulting images were created using AutoQuantX software (AutoQuant Imaging, Troy, N.Y., USA). To determine the amount of nucleoporin-GFP fusion proteins, the integrated intensity of fluorescence signal in the nuclear envelope was measured and the cytoplasmic background fluorescence was subtracted. The same method was employed for measuring NLS-3xRFP and NPC reassembly in telophase. The fluorescence signal in the cytoplasm during mitosis was determined by average intensity measurements. The Nup107-GFP signal on the DNA in metaphase was measured against the fluorescence intensity of the cytoplasmic background.
Statistical analysis by two-tailed t-test at α = 0.05 employed Prism software (GraphPad, San Diego, Calif., USA). All values are given as means ± standard deviation. Prism software was also used to generate regression lines.
Inhibitor studies
Benomyl-induced depolymerization of microtubules was monitored by placing 1 µl of logarithmically growing cells on a 2% agarose cushion containing 30 µM benomyl (Sigma Chemie, Taufkirchen, Germany) as described previously (Fink and Steinberg, 2006) . Analogously, depolymerisation of the actin cytoskeleton was achieved by adding 10 µM Latrunculin A (kindly provided by Dr. P. Crews , University of California, Santa Cruz) to the agarose cushion. Cells in anaphase were identified under the microscope by the cloud-like appearance of Nup107-GFP/Nup133-GFP in the daughter cell or completed nuclear envelope breakdown in the case of strains expressing Nup214-GFP or Pom152-GFP, and the first image pair taken. The second image pair was obtained 7 min after exposure of cells to the inhibitor. A third image pair was taken at 20 min of inhibitor treatment to observe effects of inhibitor treatment on NPC reassembly and functionality.
Results
Nucleoporins in U. maydis exhibit homology to those in budding yeast and human cells
In the fungus U. maydis, the nuclear envelope remains in the mother cell during mitosis, while chromosomes migrate into the daughter bud, where the spindle forms within the cytoplasm (Straube et al., 2005 ; see also supplementary movie 1). As a first step towards an understanding of the behavior of the nuclear pores (NPCs) in
this fungal "open" mitosis, we set out to identify nucleoporins by screening the published U. maydis genome with sequences of known NPC proteins from Homo sapiens (Cronshaw et al., 2002) and S. cerevisiae (Rout et al., 2000) . Twenty putative nucleoporins with either significant sequence similarity to both organisms (P<e-5) or high similarity to either yeast or human (P<e-20; Table 2 ).
As expected we found that many putative nucleoporins found in U. maydis are similar to their homologues in S. cerevisiae (Nup2, Nup42, Nup49, Nup57, Yrb2; Table 2 ), and one putative nucleoporin was only represented in yeast (Pom152; Table   2 ), but not in the human proteome. However, numerous putative U. maydis proteins showed unexpected high sequence similarity with their human homologues (e.g.
Nup107 shares 24% identity with human Nup107, but only 21% with Nup84p from S. cerevisiae; Table 2 ). Most of these nucleoporins, including Nup107, Nup133, Nup160, Nup96, Nup85, and Sec13, are expected to be part of the Nup107-160 complex (Siniossoglou et al., 2000; Lutzmann et al., 2002; Berke et al., 2004) . Figure 1A ), indicating that they are part of the NPC. However, it is important to note that no Pom152 homologue exists in vertebrates, but the Pom121 protein (depicted in strains FB2N107G_ER, FB2N214G_ER, FB2P152G_ER). All GFP-fusion proteins localized to the nuclear envelope, which surrounded the interphase DNA stained with DAPI ( Figure 1B ). Coexpression of Nup107-RFP and Nup214-GFP (strain FB2N107R-N214G) and confirmed that the fusion proteins co-localize ( Figure 1C ). A quantitative analysis of the integrated signal intensity within the nuclear envelope in a central focal plane indicated a Nup107:Pom152:Nup214 stoichiometry of 2:1:1 ( Figure 1D ; strains FB2N107G_ER, FB2N214G_ER, FB2P152G_ER). We also noted that all nucleoporins distributed unevenly within the nuclear envelope and had a tendency to form large aggregates, which became most obvious in deconvolved Z-stacks (arrow in Figure 1E ; see supplementary movie 2). Thus our data suggest that the analyzed nucleoporins accumulate in the same NPC cluster.
Nucleoporins disperse in mitosis
Mitosis in U. maydis begins with the elongation of the nucleus. After it reaches into the daughter cell, chromosomes start to condense and migrate within the closed nuclear envelope into this nuclear extension (O'Donell and McLaughlin, 1984a; Straube et al., 2005) . At this stage Nup107 and Pom152 co-localize (see supplementary movie 3), and the same was found for Nup107 and Nup214 (not shown), which suggested that NPC structure is largely intact in the prophase nucleus.
At the end of prophase, the chromosomes leave the old envelope, which collapses and falls back into the mother cell. The peripheral component Nup214 dispersed evenly in the cytoplasm, where it remained throughout mitosis ( These results suggested that the NPC disassembles in prophase. In order to gain further evidence for this assumption, we tagged the putative homologues of Nup2 and Nup133 (UM02688 and UM02855), which again share similar domain structures with their counterparts in human cells and budding yeast ( Figure 3A , Table 2 ). The Cterminal fusion proteins also localized to the nuclear envelope in interphase ( Figure   3B , C, strains FB2N2G_ER, FB2N107R_Nup133G). Both nucleoporins were released from the envelope at the onset of mitosis (see supplementary movie 7), again confirming the idea that the nuclear pore disassembles when the chromosomes move into the daughter cell. However, similar to Nup107 the Nup133-like nucleoporin appeared at the chromosomes in metaphase and anaphase ( Figure 3C ; arrowheads in supplementary movie 8). In both yeast and animal cells Nup133 and Nup107 are part of the stable protein Nup107-160 subcomplex (Siniossoglou et al., 2000; Vasu et al., 2001; Lutzmann et al., 2002) , and we therefore consider it likely that a similar Nup107/Nup133-containing protein complex is recruited to the chromosomes in U.
maydis.
In animal cells it has been described that the Nup107-160 subcomplex associates with the kinetochores (Loiodice et al., 2004) . However, in U. maydis 
FB2YT1-H4C, FB2N107Y_CT
). This raised doubt about a recruitment of Nup107-160 complex to the fungal kinetochores. We therefore generated a strain that contained Nup107-RFP and a fusion protein of the U. maydis homologue of kinetochore protein Mis12 (UM04180; 14% identity to human Mis12 and 21% to Mtw1 from S. cerevisiae), fused to 3xGFP (strain FB2N107R_Mis12G; Figure 4 A,B). Indeed, the kinetochore marker only partially overlaps with Nup107. Thus, Nup107 localizes to the chromosomal DNA, rather than specifically tokinetochores.
Nup107 appears at the edge of the separating DNA in anaphase B
In anaphase A, a short spindle forms; the spindle rapidly elongates in anaphase B, thereby segregating the chromosomes between the mother and the daughter cell (Fink et al., 2006) . The new envelopes are reestablished from the distal rim of the separating chromosome masses (Straube et al., 2005) . Interestingly, spindle elongation appeared to coincide with the recruitment of existing ER to the condensed chromosomes ( Figure 5A , arrow; DNA is stained with histone 4-CFP and the ER with YFP-HDEL; strain FB1ERY_H4C; see supplementary movie 9, 10). While the spindle elongated increasing amounts of Nup107-RFP accumulated at the rim of the dividing DNA ( Figure 5B ; strain FB2N107R_H4G), whereas minor traces were still found on the separating chromosomes ( Figure 5C ; arrow). First patches of Nup107 appeared in late anaphase ( Figure 5B ). .In contrast, Nup214 and Pom152 levels above background in the cytoplasm/endoplasmic reticulum were only detectable after NEs had closed and began to expand with a circumference of over 4 μm ( Figure 5D ; strains FB2P152G_ER and FB2N214G_ER). Thus, our experiments suggest that
Nup107 is the first of the markers investigated that returns to the nuclear envelope. A similar order of addition has been found in vertebrate cells (Harel et al., 2003;  nucleoporins arrive with Nup107 at the nuclear envelope.
In human cells and Xenopus laevis egg extracts depletion of Nup107-160 leads to failure to incorporate NPCs into nuclear envelopes (Harel et al., 2003; Walther et al., 2003) . To test if Nup107 is essential in U. maydis, we employed a genetic analysis using a viable diploid strain that contained only one wild-type allele of nup107.
Analysis of the off-spring after plant infection revealed that out of 57 haploid strains none carried the deletion. This result strongly suggests that nup107 is essential in U. maydis. In order to confirm this finding, we generated a conditional promoter mutant of nup107 using the crg-promoter which is repressed in the presence of glucose (Bottin et al., 1996) . Although low levels of Nup107-GFP persisted in these mutants under restrictive conditions, cells showed clustering of NPCs and morphological defects (Supplementary Figure 1 ; strain FB2rN107G).
Ordered reassembly of NPCs in telophase
In anaphase, membranes are recruited to form the new envelopes. Nup107 appeared at the poles of the dividing chromosome masses. At this stage Nup214 was still undetectable and Pom152 only diffusely labeled the envelopes ( Figure 6A ; strains Figure 6B ; strain FB2nRFP_ERG) and a steady-state level was reached in cells with growing buds, which are considered to be in G2-phase (Snetselaar and McCann, 1997 ; Figure 6B ). Taken together, these data suggest that nuclear pores assemble in a step-wise manner, with Nup107 being the first of the nucleoporins investigated at the new forming envelope. However, nuclear import begins in telophase, when the envelope closes (O'Donell and McLaughlin, 1984b ) and all nucleporins started to accumulate in the NPCs.
NPC reassembly proceeds independent of spindle elongation
We also set out to gain further insight in the mechanism of nuclear envelope reassembly in living U. maydis cells. The formation of the new envelope appeared to involve recruitment of existing ER tubules by the elongating anaphase spindle (see Figure 5A ; Movie 9, 10), which is expected to involve microtubules. In order to investigate whether nuclear envelope formation depends on spindle elongation, we treated mitotic cells with benomyl, an inhibitor that disrupts fungal microtubules within 5 min (Fink and Steinberg, 2006) . Unfortunately, we have no means to synchronize U. maydis and therefore selected large-budded cells from logarithmically growing cultures that were characterized by the presence of Nup107-GFP on chromosomes flanking a short spindle in the daughter cell (see Figure 4B ; see also
Material and Methods). These cells have entered anaphase (Fink and Steinberg, 2006) , and therefore we expected that the benomyl treatment should not activate mitotic spindle assembly checkpoints that would halt all processes associated with cell cycle progression. After 7 min on a benomyl-containing cushion (see Material and Methods for details) most of the RFP-tubulin fluorescence was cytoplasmic ( Figure 7A ). This confirmed previous data showing that this method leads to disassembly of the mitotic spindle microtubules in U. maydis (Fink and Steinberg, 2006) . Consequently, chromosome segregation was abolished and the DNA remained in the daughter cell (not shown). Despite the absence of the microtubules and an elongating anaphase B spindle, a nuclear envelope was formed within 7 min ( Figure   7B ). This envelope contained nucleoporins ( Figure 7C ) and imported the nlsRFP reporter protein ( Figure 7D ), indicating that these new envelopes contained functional
NPCs. Next we tested for a role of F-actin in NE formation. We previously demonstrated that the inhibitor Latrunculin A rapidly depolymerizes F-actin in U.
maydis (Fuchs et al., 2005) . In many fungi phalloidin does not bind to F-actin (Heath et al. 2003) , and this includes U. maydis (unpublished results). Therefore, we placed but had no obvious effect on nuclear envelope or pore formation (see figure 7E, "LatA"). However, when cells were simultaneously treated with both 10 μM Latrunculin A and 30 μM benomyl, Nup107 did not accumulate into dots, suggesting that functional pores did not assemble. Consequently, we observed no import of nRFP ( Figure 7E , "LatA+Ben"). These results suggest that microtubules and F-actin cooperate in reformation of the NE, but neither component of the cytoskeleton is essential on its own..
Discussion
A fundamental difference between mitosis in animals and fungi is the behavior of the nuclear envelope and its nuclear pores. In animal cells, the nuclear envelope breaks down in prophase and is removed by a microtubule-based mechanism that involves the motor protein dynein (Beaudouin et al., 2002; Salina et al., 2002) .
Simultaneously, the NPCs disassemble and transmembrane domain-anchored compounds disperse into the ER, whereas peripheral nucleoporins are released into the cytoplasm or are recruited to the chromosomes and kinetochores (Terasaki et al., 2001; Loiodice et al., 2004) . Subsequently, the nucleoporins of the Nup107-160 complex return from the chromosomes to the newly forming envelope in anaphase, where they participate in the assembly of the NPC (Belgareh et al., 2001) . In contrast, in fungi the mitotic spindle is formed within the intact nuclear envelope (Sazer, 2005) .
In such "closed mitosis" in S. cerevisiae, the NPCs remain intact (Hetzer et al., 2005) , whereas in A. nidulans, NPCs partially disassemble (De Souza et al., 2004) . However, central compounds such as the Nup107-160 complex still remain in the envelope (Osmani et al., 2006) , suggesting that the recruitment of the Nup107-160 complex to the chromosomes might be linked to the mechanism of the "open" mitosis.
In this study we set out to investigate the behavior of nucleoporins in the "open mitosis" of U. maydis, which was recently reported (Straube et al. 2005) . In agreement with our expectations most of the 23 nucleoporins that we identified in the U. maydis genome were found to have close homologues in S. cerevisiae. However, some nuclear pore proteins in U. maydis showed up to 5-6% higher identity with their human counterpart. Among these are Nup107 and Nup133, which are components of the Nup107-160 complex in human cells. We describe here that both proteins leave the nuclear envelope at the onset of mitosis, but appear at the chromosomes in metaphase and are the first that reappear at the rim of the segregating chromosomes in anaphase. This dynamic rearrangement is in agreement with the behavior of their orthologues in human cells (Belgareh et al., 2001; Loiodice et al., 2004) . However, in contrast to human Nup107/133, the fungal counterparts do not seem to co-localize with a Mis12, which is an important kinetochore component in humans and fission yeast (Goshima et al., 1999; Amor et al., 2004) . The biological role of U. maydis
Nup107/133 at the meta-and anaphase chromosomes in not known. In later stages in mitosis, Nup107 appears first at the newly formed envelopes and nup107 null mutants are not viable. This behavior is reminiscent of animal cells, were Nup107 participates in the reformation of the NPCs (Boehmer et al., 2003; Walther et al., 2003; Harel et al., 2003) . However, Nup107 is also essential in fission yeast, which might be related to defects in its function in transporting poly(A) + RNA across the nuclear envelope (Bai et al., 2004) . Consequently, the observed lethality of mutations in nup107 in U.
maydis could also be due to a malfunction of the NPCs in interphase.
"Open" or "closed" mitosis, which came first?
Our studies on the mechanism of "open mitosis" in U. maydis suggest that this organism combines features of the ascomycete fungi, such as S. cerevisiae and A.
nidulans and animal cells. As a fungus U. maydis shares much sequence similarity with its fungal cousins, which is best illustrated by the presence of Pom152 that is absent from animals. On the other hand, U. maydis removes the nuclear envelope (Straube et al. 2005) , a process that is not found in the other ascomycete model fungi.
The data presented in this study place U. maydis mitosis even more similar to animals. We demonstrate that the NPCs disassemble in prophase and that the Nup107-160 complex is recruited to the DNA, albeit not to the kinetochores.. In view of these results we consider it likely that the "open" mitosis resembles an evolutionarily original mode of chromosome inheritance. This is supported by ultrastructural data in zygomycete fungi. This ancient group of fungi is considered to be the ancestors of ascomycetes, including S. cerevisiae and A. nidulans, and of basidiomycetes, such as U. maydis (Fitzpatrick et al., 2006) . Ultrastructural data indicate that zygomycete fungi also undergo an "open" mitosis, whereas this has not been observed in ascomycetes (Heath, 1980) . Thus, it is most likely that the removal of the envelope is an ancient process, which was abandoned in ascomycete fungi. It is presently not known, why U. maydis undergoes an "open mitosis", but further studies on this organism promise to give new insights into the biological meaning of this fascinating process. Straube, A., Enard, W., Berner, A., Wedlich-Soldner, R., Kahmann, R., and Steinberg, G. (2001) . A split motor domain in a cytoplasmic dynein. Embo J 20, 5091-5100.
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Figure legends In metaphase, the Nup107/Nup133 containing subcomplex partially returns to the DNA, where it also localizes during anaphase A. In late anaphase, the separating chromosomes begin to form new envelopes, in which Nup107 becomes concentrated.
Nuclear envelopes close in telophase, and protein import starts after Nup214 and Pom152 are recruited. NPC assembly continues until G2-phase, when cells start to form a bud. 
